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te The purpose of this memorandum is to describe and evaluate present * 
: Be ay possible future satellite reconnaissance payloads in the light of 
*- ~"* ‘natidnal intelligence objectives, with special attention to the relative 
_ merits of photographic payloads of the readout and recovery types. 
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Il. SUMMARY OF PROJECT TO DATE 


The SAMOS program has as its objective the development of a satellite | “a 
.. reconnaissance system to collect and process visual or photographic data and 

Ferret or electromagnetic data. More specifically, the SAMOS system is intended 
to‘acquire a great amount of technical and strategic warning intelligence, Ty 
resulting in a more precise knowledge and evaluation of enemy military and in- teat 
. dustrial strength and their déployment. The data obtained should enable us to oo 
do a better target analysis job and to detect and identify unknown targets. em * 
Observed changes in concentrations of weapons. transportation patterns, communica, ~ ss —F 
tions density. together with the rates of change, will provide evidence of buildup a 
w= and consequently relatively long lead warning of attack. a 
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* There are two approaches being developed for acquisition of intelligence — 
data: (1) The recovery system in which a data capsule is ejected from the | Pode. 
satellite upon command and physically recovered, and (2) the electronic data 
readout system in which all data is transmitted upon command to ground stations. 
The recovery system is used for photography and the data readout system for both _. ...f 
photography and Ferret. 


The general characteristics of presently planned visual payloads are as 
follows: 


Designation E) E2 Es B3 


Type Photo Photo Photo Viaual* 
2 Readout Readout Recovery Readout 

Nominal Altitude (SM) 300 300 130 =’ 300 

Focal length 6 in. 36 in. | S4-72in. ? 


F Ground Resolution 100 ft. 20 ft. 5 ft. 5 ft. 


© The relative merits of photography and of systems using various methods of: 55 
T. V. image retention prior to seadout are being evaluated for this payiess i 
on which only preliminary work has been started. a... 


Eau — Lopes: oS aout 


. 
s e . be 
bg e . ew ° * — — = 
: ; ¢ —— — —4 — F ate" e — * at « 
‘a hit AS es: * ar — ; ° . 2s — 2 ee *. : os She: * eat ag atest 
‘ * A” : —— a» aps * 
* — epee ee wd ote : cr and “Fs a — as re — ke 


, 
ee - " * 
as } cee ‘ Ate aa J CY —— Pits ve, * ter *. 7 

a — — —* 
—** ot — ee rae 4 of — —— rvs F 
Sa * “ - 5 Sout are Fi ate .- * 
a oe ; oe > J i: 
* 











** +4 Sas ' | aS Be OF ..4< 


s-i/r-2 payloads in orfer to develop the technigies ——— — st 
git rng in inthe more sophisticated E anf F payloads. | — 


— pextorones (a) instructed AFEMD, Ama“s field agent, to defer 
— | development of the B-5 payload and associated recovery i —— 
Sux ‘wv ~. ARPA review". At that tins, substantially ell vendors’ qioctations haf 2 335g 
eet — been received for the various elements and vendor selection was in process — 
we fae reasons for this "hold" budgetary end involved ‘the  - “hy 
Fiscal 1960. This mamorenhs | 




























/ |: , g@llocations of approximate: 
‘& ... Constitutes e portion of the 
= : The B-1 and E-2 payloeis ani esscoiated readout electronics 
or vere largely past the prototype stage with final nite being in asceutiy 
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%:.  " TEE. COMPARISON OF READOUT VS. RECOVERY PHOTOGRAPHIC PAYLOADS IN GUNMMAL © =: . 
Ree This comparison treats of the relative merits of the two types Gf. 
“: '" payload from the standpoint of their potential effectiveness in fulfilliag =); 
-* og.  peational intelligence objectives, their relative complexity and reliability; Mir 
a their relative status end timevise avaflebility, end their RAD ena ¢ 
. 7 + @eete.. Lacking qiantitative data, comperisons in some exeas mst be quali- : 
aie tative, pending further study end analysis. — 
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, receipt of the information should be acespted. Inherent in 
To syetem is a delay in obtaining the desired visual deta vith 
. contemplated systems. With a date gathering film capacity of same 
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earlier — of the film can only be achieved if less than the total 
eapacitv is recovered. Wmiess techniques not now contemplated are euployed, 
' the major pertion of the file recovered will show only cloud cover and 
Exound areas cevoid of targets. If selective techniques are employee to 
void these areas, the tine to recovery of a completely exposed film payload 
wil) be increased many folt. In contrast, the photographic readout systen 
can make availadle information after a delay of only a few hours ané 
inherently provide a basis for selectivity in subsequent passes. Also, 
try the use of any Other cechaicues Cceveloped for «voiding the accumilation 
of uninterecting infcrmation, 1% can similarly extend ite total information 
uthering capacity befsre the °:lm payload is — 


The recovery method nas slightly euperior performance (assuning 
che same altitude, cptics, fils, Laage motion compensation) since the degrada- 
tior associated vith reaiout (scanning, transmission, image reconstitution) 
ie eliminated. This degradatior {s not, however, expected to exceed 20%, a 
scarcely significant loss, especially in view of the built-in image enhaence- 
ment techniques employed in the readout system. Similar techniques can be 
set up to enhance recovered pictures, but are not an integral part of the 
recovery echese. The recovery. system is also subject to degradation of a 
possibly significant amount as the result of latent image grovth, a post 
exposure phenomenon, and from film fogging es the result of temperature 
cycling which may occur during the recovery sequence, both of vhich phenomena 
can occur until the file is developed. The severity of degradation fron 
these sources will depend on the length of the period between exposure and 
cevelopment, as vell as on the temperature extremes encountered. 


In order to obtain full utility of a reconnaissance systen, it is 
necessary that it have the highest degree of reliability. Based on reference 
(e) study, it is epparent that this factor deserves major consideration in 
the relative evaluation of systems, and that it is indeed a serious problem 

. to keep even a sinple sytem operating vith acceptable performance unattended 
3m space for long periods of time. Of the two systems under consideration, 
there is little reason to doubt that the recovery camera is less com lex 

than the readout camere vith ite film processing and reafout end cocmunication 
elements. Purthermore, since it vill be operating for lesser ———— of tine, 
ite overall reliability requiremente are not so stringent... However, in 
objective evaluation, it should not be forgotten that considerable complexity 


exists in the recovery sequence, in the equipment for separation, retro-rocket | 


firing, high teuperature re-entry, parechute deployment, and subsequent 
locatics and recovery. Sor can the fact be ignored that with respect to a 
particular nission the degree of operations] success can be mich more 
imsediately appraised in the case of the readout system. In the event of 
failure, corrective actions can be more imesdiately instituted either by 
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launching an edditional packege or in the event that the failure is in 


. the ground-based portion of the equipment, by repair. A quantitative 


evaluation of reliability of these photographic systems along the lines of 
reference (e) ie necessary for other then a qualitative assesament of such 


 Yactors. 


IV. SPECIFIC CONPARISON OF B-2 end ¥-5 PAYLOADS es 


The E~2 readout camera with 36" focal length will in general have 
approximately 1/2 cf the resocution of an E-5 recovery camera with a La 
foca: length, other conéitions being equal. In the development plan, the 
recovery camera was Surther favored from the standpoint of resolution by 
piecing it in @ lower ordit. Here the attitude stab{lizcation problem is 
somewhat more severe because of the greater aerodynamic drag, end the life 
<1 Orbit is reduced if — tional propulsion {is not made evailable. Hence, 
the lower operating alt: of the recovery system is consistent with | 
vecovery after a — short period of time. On the basis of one to 
wwe altitude differential, aad a two to one ratio of focal length, the F-5 
pevloed has apprcximate:y four times the ground resolution of the E-2 read- 
cut payload (e.g. 5 ft. vs. 20 ft). 


It has been considered that vith a 6 mec space to ground trans- 
zisgion link, the E-2 readout — would be limited in the ancunt of 
information {t could as compered to a recovery system. The E-1 
readout canera with a 6" focal length vas not considered to be so limited. 
Te 36" focal length, B-2 camera is linited to transmitting to earth : 
approximately 1/5th to 1/6th as mich information per day as it can ecquire 
under ideal conditions. However, a review of Reference (f), study of cloud 
coves over Asta, and the extent of son-target areas, suggests that the emount 
-7 -:3efal taformmaticn aot obscured ty cloud cover may be relatively small 

az.s Chat the £2 readout — — in fect, limited in this way 


- umier average condit: 


Frama the scaccpoiat of probable costs, the R&D necessazy to bring 
~-2 reado.t Systen <> a veliiable operational status may considerably 
eacced that of the EB-5 recovery systezs. However, once operational, the 
“vose ger Bit” of “Latelligence information could well be considerably less. 
whan tuat of the recovery system viich requires the launching of « complete 
asestle for each payload. It should be noted that many of the expensive 
an’ complex elements of the readout system ese the seme ones which are 
em>loyed in reading out the information obtained by the Ferret een 
anc viich are, therefore, required in any event. 
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eee In summary the folloving factors sre pertinent to a decision on ‘=. 
° the E-5, recovery payload, at this point in tim: — 


It should be developed: | — 
- since it will provide the earliest means of obtaining 5’ 
ground resolution desired for technical intelligence; 


- a8 a"beck-up” to the more complex E> system; — 
- a8 a possible source of optics for a later £3 systen; 


- since the recovery techniques resulting will be a long 
stride tovards meeting man-in-space requirements; 


Factors not favorable to its development are 


- It duplicates, to a degree, the EB read-out systen vhich 
could be flovn lower for limited periods to obtain a 
ground resolution of about 10 feet; 


~ A moth or more delay is involved in obtaining both 
intelligence information and eny assurance that any 
information has been obtained; 


© Of the pictures obtained, o relatively large proportion 
eon —— 


. POTENTIAL CAPABILITIES * 


The previous section dealt with currently conceived configurations. 
An objective, general comparison of readout end recovery systems mst also 
include considerable of their future potential capebilities. 


As vas mentioned earlier, both systems are subject to refinement 
to reduce the amount of relatively useless information acquired. This can 
be acczeplishet by programming coverage to avoid areas of no, or relatively 

tttle interest, and by incorporation of IR sensors (or eqiivalent) to shut 
off the cameras or setrain thea when the field of vision is obscured by 
cloud cower. As vas previously noted, in the readout systen, information 
from recent passes cen be used to assist in the progruming process. 
With a readout link elrwady in existence, it will also be possible to 
relatively sisply taclude a low resolution (500 or so TV lines per frame) 
television-type pickup vbich can serve a number of purposes. By taking 
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occasional star wap pictures, it can be used to more precisely deternine 
Gatellite location. It can instead or also, in alternate frames, record 
cloud cover data for use in progremaing subsequent passes end for meteorco- 
logical purposes. As TV-type systems vith greatly increased capabil:t: 

now under study became available, this concept.could replace all fils-using 
methods, a possibility veing considered for the E-3, high — readout 
package. 


| With the advent of camsinications satellites which can be used for 
relaying information, these low resolution ground cover pictures can be 
trensmitted in real time. Indeed, the availability of e communications 
satellite opens up a nusber of extremely interesting additional possibilities 
weich, it is believed, verrant evaluation. The real «ime, low resolution 
ricture could be employed to directly aim the camera at unobacured targets 
within range. The TV camera could, in addition, be refined to incorporate 
@ So-called Zoamar lens which coul¢, despite the relatively limited data 
acquisition capabilities of current TV — be used to view very limited 
- areas at relatively high definition. 


The above-described addition of a TV-type camera is just one of a 
number of combined payload possibilities believed to have merit and 
considered es ultimately influencing the selection of optimum system. 
Polloving is a discussion of some others, some of which are made possible 
Aouble-tenk 


by the greater load carrying capacity of the now programmed, 
capacity, duel burn Agena upper stage. 
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A. E accelerated — should be undertaken, comparable to that of * 
Reference (e), to assess the relative reliability of readout and recovery of : 
photographic payloads, and to establish a basis for the degree of effort which 
should be expended to improve reliability and the specific areas where such 
eifort should be concentrated. | | 

B. Despite the fact that readout systems are considered to be 
ultimately superior for reconnatssance purposes, :t is believed that under present 
vonditions the E-5 payload as planned will provide much earlier, high resolution 
, photographic coverage than any new readout.system. It is therefore recommended 
that work on the E-5 recovery system be continued. 


C. Steps st:ould be taken to advance the state of the art as rapidly 
48 ponsible to the end of obraining an.E-3, high resolution, readout system 
«4 800M as there 18 a reasonable chance of success. 


D In view of the limitations of present systems and the major 
improvements considered possible in the future. it is recomrnended that studies 


and/or programs be started in several areas euch as. but not limited to, the 
following: 


1. A magazine-type recoverable film payload. 


2.A “universal” piggy-back recovery system of minimum 
size and weight with limited capacity for application to 
a variety of satellite vehicles. 


3. A TV-type readout camera of comparatively low 
resolution with alternate star map and ground cover : 
capabsiities. both as a possible “piggy-back" payload 
on film readout payloads and as a first step towards an 
E-3 system. 


4 The application of Zoomar techniques to such a TV camera 
endfor to one with ————— resolution. 


5. The possibility of real tame camera one using a TV 
‘monitor. 


6. Various combined payloads to improve — — 
objectives and/or save booster costs. | er. 


including new sensors to provide "al] condition." ae 
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7. The exploration of new satellite reconnaissance techniques, . 0) -- = 
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reconnaissance, independent of cloud cover, illumination, 
cemouflage } » end without unacceptable limitations 
P (see Reference (h)). | | 





E.. In line with the recomendations of Reference (¢), a long-range 
program should be instituted, on an sccelerated basis of basic RAD on 
new concepts, nev materials and new techniques for the fulfillment of 
complex system functional requirements in a manner providing one or two 
osders of magnitude greater reliability then — equipment for use 
in an untended satellite environment. 
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